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(54) GaN SINGLE CRYSTAL SUBSTRATE AND 
MANUFACTURE THEREOF 

(57) Abstract 

PROBLEM TO BE SOLVED: To form a self-support GaN 
crystal having a possible wide area on a GaAs substrate 
by laying a masl< having windows distributed with equal 
spacings on the GaAs substrate, forming a GaN layer on 
the masked part, and removing the GaAs substrate. 

SOLUTION: An SiN layer is formed on a GaAs substrate, 
regularly distributed windows are bored through it. 
there are three kinds of windows: staggered dot 
window, <11-2> and <1-10> stripe windows. Using thus 
windowed SiN as a mask, a GaN buffer layer and epitaxial 
layer are formed. The GaAs substrate covered with the 
mask having periodical windows is set in an HVPE 
apparatus to deposit GaN on the substrate, thus forming 
a GaN buffer layer on the GaAs substrate, and GaN Is 
epitaxially grown on the buffer layer through the 
windows, the substrate is etched off with aqua regia to 
form a crystal of GaN only, both sides are polished to 
form a GaN single crystal substrate, and this is a 
self-supporting film. 
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(54) (f6B^©=S*l;l G a Nm^sa«Rc;Ji^K>$jji;^a 



(57) mm: 

GaAs (1 1 1) S«0±lC=P.^^SS^;j. 

MOCffifCJ:t3{SiaT'G aNyN-5/7r^SrJgfiKb, HV 
P E ^6 IC J; t) G a N X bf 5* + * j? < JgfS 

GaAsSffi*^*t--5. G a NWSjJlMS'a^-S 
t LTHV P EffiTG a N$:/it{^ttLG a N-f >:Jy h 





G a H 9 



(2) 

1 

miftmU 2 Omm^±<7>iI^^WL. 0. 0 7m 

[i95^JB4] 7tOjgj§tC<:t^(RiR^Sfc75»^igt:g4 0 0 n i^? 
m36^6 6 0 0 nmtCt^/zO 120cm- ' Ji^TT^^d 

^gich-r^iSJl^Ji 1 \z^m<DG a N^iSB^sSlfio 

CI <h^1$ta^r^i3*JS 1 t::i2t50G a N^M^'&Wlo 

0. 5 SmmJgJlTTffe^Ciar^tr^^h-rsiSjRJRl tClE 
3UcCDGaNW:^^Kffio 

8] As^lO'^fflcm-3 Ji^T^W-r ^ 

d i:^i#?s^-r^is*ig 1 \zt^m(oG a N w^raSis. 
[13*35 9 ] mm^mwm\z^m \.ts.\r^ z: t ^^m t 
r^imm i ^z$^m<DG a N#*srHS*So 

[IS^JSl 0] (1 1 1) G a A s affi(7)±t::[ 1 1 

- 2];^[5]tc-^P«1Pi^43i>TMr/[- 1 1 o]:^ffi]i-td: 
^tf-/5"'rn3t.«4^<?):«^wr'5vx^3i(A[ 1 1-2] 

[- 1 1 o]:^frntcffl^t/^x h^-r y^/^(O^^W-r^vx 

i^^^JF^IiJcb. G aNZ-^yyTm^mn. HVPEffiJlJ: 
0GaN^xe5^=*^'>-VJl^fiE-^$-ti:Ga Asffi^^l^* 
-r^d^^^^a^-r^G aN¥$S^HS1SC0S!ii;^fio 
[ggjRJ^l 1] (111) GaAsaiS(7)±fc[l 1 

- 2]:5f^{c-^r«1l®^43V^TMJ/[- 1 1 0]:&|t^IlXfi 
'^\^y^mti.^ik<D^S.^^^:h'^'X!7':^{tll 1-2] 

[-11 0]:^r5]fcW3C/'&x h^'i':/4^c(0^,<^Wr'5v;;^ 
^^ff^fiEU, GaNA-^:/:7T®^IStt, HVPEffitrj; 
oTG a N^Xtr^^^i^-V'^U^S^it, GaAstt<S^ 
I^^LTG a NSffi^^T, ^C0GaNffi1S(?5±trHV 
P E^fZctoTG aN^Sg,l^Xtf:$'=^v-\';i/^Sli:L 
i6. xhTiJ'^^S^'VJUSSL^rcGaN-r >=f^y 

wix\tmm{z^r)ifWir^:it^wmt'r^G aNmf^ 

[0 0 0 11 

(GaNj^) ^m\^^rz.§^^y-(:t-\' (LE 

D) (LD) T^C^fWfefRgTtS^^ffl^O 

[0 0 0 2] 5f? 
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2 

[«l:5feC0Sffi] la UiGaN;}!c:fiO;^ii)C0S«^/j:0^ 

To-y-:7y^-V(Al2 03). SiC> SU GaA 

^ X ^ I G a N ^ 5g7fe7^/NW X 7 7 

S ffi (7) ± G a N fWIS ^ ^ X kf 4^ ^ g L TfP 
^nTt^;^c« •tf:7T-f (A I 2 O3 ) Sffi^lb^^WC: 
^^Tfe^LHI?ftf±*)S>^o GaNi:*ft^^S«l 6% 
SSI%:^cj: S t> T ffl ^ Jl^fiKT ^ C ^ J: 0 G a 
N;^^^(D±t-xtfi$^ + >'-\';URKS*r^« C(7)J:o7^ci:5PL*C 

#ttfc^<h=b-tf7r-r-\'ffi«^^{4t.^;t^*LED. LD 
ihLTffll^en'&o O^D+l-:7r-r-^i:GaNCD^S^W 

-VatS-hcT^G a N^L EDt^TfTHS^nTt^^p ^/tGa 
N ^ L D t)3fi < milS $ tl'S 5 -5 ch W^tlT ^« 
[ 0 0 0 3] it:7T<irchGaNcO*&^^^ti:fei/^ii 

5o ^n\z^\^h'f^yT^\^m,^L\z\mmmuG2. 

^^nxi'^^ t)(7Dfi:^TG a NXA l ^ Oa 

-Oo z(D^or^mm\tmxi^t'A(Dicmizmm^nT\^'^ 

So 

®!f#P^¥5 - 1 8 3 1 8 9-^ 
®1#B3¥6 - 2 6 0 6 8 0^ 
[0 0 0 4] <!:d;5>J>^it:7r-r-Vffi1Slct)^j:4oPnlli7!^^*ab 

So •ti-77T-r-\'»lfi±<^GaNxtfi§'^^'>'\';i/®a)^^RB 

-e^S-^T&^o r^Aj^zlO^ cm- 2 ^(D^PfB^gK7&^'^ 
So l^^9«i^PlB;t*^tt<h*oT^V^. L:;&^b^nJC*><;D 
JfiJ e>'rG a NL EDtiS^^-^^&So :^Jilli?^<J:*f<s}T* 

So rz^^^^^^m!Kmti^o(D\m^n^m\z\tmm'v^ 
^ot)^mmz{t$>^ommTf3i^^t.hnpL^o 

[0 0 0 5] l.i}^l.'^yr<^\z\'^t>oUhz>mnmu 
j8.^;^t^So it:7 7'-r-V (A 1 2 03 ) mt^Wf::^^ 

ST^J^'^^T^bJ^cfi/^o GaN^JJIL. aiS;t*tt<^X^yf^> 
mST^AjrV^o :St>®S(3D«^|lfif±;!)^;S:V^i:(/^'9C:<h 

TfeSo tn\zm\^K G aNX-^yyY^^mwi^LED 
9'yy'\z6^m't^^^(D > ^^jnxT^^^^ii ui^o g 

fl lis 7^^^ T^cJ: I ^ ;6 ^ 6 ^ ^ « <7) (D <£: W b ^ T T IK :^ W ®r f 
So fig«-rsc<ht)*0^@*0«<a(.^o ?^J:*5, GaN 

UT. ^^bAc0il7J>^ffi&;^nTl^S« 

@J. J. Appl.Phys. vol. 37, Par 12, No. 3B(1988) , ppLSO 

9-L312 
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[0 0 0 6] r^-f v'>iy^^atCfT^fci6ICS i C(D^ 

S i cmWLGsiNm=fr\tm?L\i 
®AppI.Phys.Lett. vol.71. No. 17 (1997) 

±.\Z^n.^o S i CStRa#:(7)ffii3t35i1!ibl^o 

V^^tOH S i C/GaN?^^«ftj^«m-e«a!jji$nT 10 

[0 0 0 7] (/^-rnicLT=fofie*COG aN.5^^ti. 
o ± t:: G a N ^ ^Jcg $ 'li:;^:: =fe <Z) TS^E ^ 1^2^ U (/^ 

[0 0 0 8] S1S±I^G a N^xhr^^^^S^-Y-^U/iKfi^it 

^tztiss^ 1 0 o idx:ys±.(Dmu\zhm.\^f^nn\tt^ 

^t.'A(D^o-x:$>^o G a NO^B^^M^^^^ 1 (tr-S) 
(h. G a A s t^l^ 1 . 0 8{g. S i CtiO. 8 7 fg, 1t 

[0 0 0 9] mm. mwim<Dfm^%w^(om\^^\z^^m 

1 <Df^m\±. G a NtWflItr|ft^c;;;^j:0^*^±LG a Nt^lr 
^^J^^Stt-So ^3(Dra1iatl;^^l/^1S^GaNaiiS7!?^1? 

^u\^^t\*^o^L^$>^o '^yT^^mm,\zGsin(om 
m^m'^tziiSL'^mt.GanmwL^m^f^y^'^m'tt^^^. l 
/j^uwigE • &m.m\zm.w^%w^(omz^^mi^.f}^&y) 

i)^-x^\^^tz^\z'Xm.m'^'&WLh'^^z-t.f)^'v^t^y^^o -m 

[0 0 10] mom-oX^n^i. G a a s ^^1S<bL 
T, G a N^^m$l±^84^7&U 9 7 0^<^{::*§:^6^JC ^ 

jiiis^nfco G a As tG aN(D^Mmm<Dmmtcn 

WLUtA^^tC^ZlLK^mzmt^-DtZo GaAstCo^ 
< G a N75it(.J-/j^fj:/j^o^o G a Nd^m^S-r/<f l^<h;&^^ 

^G aNmmtilFl^X^f^f)^':>rZo ^(om^\t\t^^o 

ut^^'^o \^'^<'Dh<Dmmt)^$>'Drz(Dx$>^o. ly^-Diz 

\t^&m<DmU^X(DG aAstDAsiDrnft"^. NHa 
t,<D^g^<Drzisb\Z. A^-^G aN^^t^mmX^-r. Ga 50 
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A s m&±(DG a Nf$.mt{^L/viimmm^nx\^^ir^fj^ 

^fzo ^rz^^^^^^GaAsLGaf^tX^^t^Omo 
i)^^X$>^of)K G an(Dl^=^^1SL^l h-t^^. Ga 
As til. 2 Jfe^5X4 t)il3o S i CCD^f- 

1. 0 3 ^g-TrG a NtCifil^ffi-Cfe-So it :7r'f 
ircT^^^se&liG aNOO. 8 6igt?feS« t&^;£S:-e 
"irAtfG a A s lA, GaNJCSfeai^o GaN/GaA 

s <hi^-5is^T'/N'^x(i-r Tt32 o^pfcS(Ftci4^6nife 
[0 0 11] m'^^^^n^xyi^^m^G aN/^y 7 

t^\^^o 'tn\zm^i^T:>m'^^tzm'jix^^m^xf^\^^o 

(BrnTmnmrn^m^-xuG- I \ . voi. j8i- 
c-ii, V s Az.n\t^y7^^^mz7.hy 

^zf^ m^) covx^^c>tj-eco±{3:G aN^iPflSii^Jc; 

&^^rz^(Dx$>^. mm (T.h^-fT^) fCcfc-pTts:;? 
tim'otz<Dx&n\i-'^m'^^x^^. L^^bit:7T-f 

ffi -ffi ± N ^ < y^jcfi ffi tifOi fnl^ tC 3W b T L T 

i)^m^tz^^x$>^. mm^i^Mv^(of^m^mikiyX\^^ 

^y 7 ^ ^f)^^y^^rz^^X^^i)^^mB^^^Wi<D 

m(otz^. GaNmsgraictee, -^-r i7Di:7^^:/^^t^ 
^mx^ti^. ^tiKDtimMx^ti\.K BirxDrzibo 
x.j\-zfci'\i7.\z^mx$>^. ^\^^^mmhi>^o 
[0 0 12] mm^m.&:(om. f&'T^m^(Dm\t^mtAm 
^i^omDn\z^^^t.o. mhmmmu&mtG aN 

&WiX$>^. UAj^^^-^-dX^G aN&^X$>^. bA^U 
)j:\^^G aN^W^^^W^LU^K ox./\-tLx^mi^m 

9'm&.±(oh(D^^ii^^mx$>^o ^'fm^'t/vfs.x^^^G 

aNffi««/ci:lio 

[0 0 13] Xm^Mi^fS,&^i±^\Z\t^ 3 :3 ^ )V7s^ 

b!i«i^Siia$u^o Mmyj^^m^x^^/)^^x^^'^m 

^^^^mm'r^C^f)^X^^. L7i^LGaN«Jia^L/t 
frt T ti^ag «c T^i: e U L XMi* II ^'j: o T L * 

Oo G a lOg<7)G a N^^JjnUT, ^7jm/E<?)@i^GE 
^^ttijn^UTGa - G a NifiiK<hr C <h J^-tr^^o 

Lf)^i.m^B^zx^^^m\tmmm\ m-^^mxx^ 



5 

[0 0 14] G aNmm\mm^&mz^oir^ibn^o 

1. HVPEj* (y\-f H^ffl^SrS : Hydride Va 
por Phase Epitaxy) 

2. MOCa^ (WS^JSMb^a^fflfiKSffi : metal lorga 
nic chloride method) 

3. UOCVDm (W-tl^MC VD& : metallorganic 
chemical vapor deposition) 

4. #^r£ 

[0 0 1 5] MOCajti> h U><^>H/:tf 'JC^ATMO^i: 
^G aCD^m^mt. HC \ h^:t-)i^m(D 
^rtTSiS^ii— H-GaC 1 ^-^^b, Ctl<hS«#ifi 

tCDft U;^cT>^:::i:rNH3 ^KJt^^^i^. 1}U^^.i.t^^^(D 

G aN(D^\z^f(im^^i^TMx^^o ^m(Drz^\zn^ 
^M-r^o m&mm<DGaN{^^^^n^:it\tmmx& 
So mm<Dtz^\z^^rU'^mm (s*®^) 
m'f^mmt)mTr^o mm<Drzisb{zmnmiihm<u 

[0 0 161 MOCVDj*«GaN5lf«gfilc-mfei:bT^ 

TUGU^G a<D^m^mt.y>'e:=.TNHz ^7i^mi1 

T^tth^z. tm^nrzmm^izfiK^Hn^. mm±,x 

TMG(hNH3 T&^R^SUGa Nfl?fli35i^-e#So ^(0:f5^ 

m(D^o\zm\^^m^m^^^m^\z\t. ±^t^r^m\zu 

mwL^VF^o t.'r^t.z.(r>f^m\tmmfm^\zf4;,^. * 

tzuocmt¥[c^o\z^mmx<r)mmf)^^^o n^\z 

^fe-r^o ®m4#147J)^ HVP ESfetiC alHsf^hlxT^ 
MGa^ijE^o hO:^-)VmR]^>^mzG am^m\i^ 
Ga^m^Xnx^<o Gafm«;&^<£V^<7)T3 0*C« 
±TG aB!fe?«(c;f^j:^o C'\7k^;^7.. UCXiiT.^^ 
^f^tt^ch, ifi<b:tf U "^AG a C 1 t&^T^^o GaC 1 

^::i7^SiSUTGaN7&tgtg||®i::*6S['r^e ;:cD:*r 

m\zmx\^f^\^^t^^m&\^f^\^^. s^s^iftK^^flSTb?^ 

[0 0 17] 



(4) 1 2 - 1 2 9 0 0 

t^mmtG anW^^^^nt^&^m-t^. ::^^GaNS« 

fa ^ e T # ^ G a N ^ ffi«^*r ^ d 0J! 
1 cDBft^T$>^o SO30^;^j:l'^GaNS;K*tS«1-'5 

«7&^*fgB^<^^2a)awT'&'5o ^5g<&^*-rMfeiSHj} 
<oG a nmwi^m^t ^^f>^:^m^(om 2 (D^mx^ 

N •l^ i{ 0 ^ nriW i^^^fe ^Mf ^ ® 

'59f;^^2^flH>^c0^4(OaMT*^o 
[0 0 18] 

[wkm^m^'^^fzi^(D^m GaAs (1 1 1) *-isg 
^affio±j- [11-2] ^mz^mwixmn [-1 1 

0] yj\^\z^mmmx^i^-t ^n^^-t x^ ^r:> 

'^X^(Dm^(0^ifi\zm^XG anj-^yy rm^^'Bt 
-^i^TiSatcbTG aN^^;\':y :7r®<^±^'7 
X^<D±f'HVP EffitCckoTXlf i§^4^v^Jl/j«S^ 
•ti:, Ga AsaiS^I^^LTGaNl^^^-^S1S^®dt'r 

¥*SaSS^aifSai:bT. $'E>(r'€-<^Ji(rGaNXtr 

i^^i^^)vm^m<m^\^x. {i^u<h^i omm(om 

BSLTM^OG aNSlSch-r^o Z,nf)^ifm^(DG aN 

mmo:>mm:^mx&^. GaAsmmt^7Kxx.y^> 

^'r^:it\ZJ;:^xm^X^^o ^ib\ZGaN(DmmU 

wabT¥m{rT^o zi(D^o\zmm(Dmm:^mx$>^ 

X e ^ + V ^ ;i/e£gri bT:^S«ga ^fp o T L * 

561 [0019] *:S!0^<OG a N^^(Dm±<Di^m^^t(D± 
2^^B^-T?JiGaNS^(7)tttltil^>^Jl^ 
±. Sf^L<li2'f >^mJ^±(h-r^o LED/j:^:(Z)^ 
ht?$lig'r^;^cae)t::Ji G a NS 
ffi:<?^jAl'^:(7 3i^^^t.^o ^nT2 OmmftJm±»^b<^^l 
-r>5=- (2 5 mm) }^±.. ^Iz^^i^ < \t2 ^ 

^t-t^cDx^^o itimmx$>^G aAsmm^^fiz^-f 

n«:*cffiW<^G a NifSS^SiS-T^So 
[0 0 2 0] GaNa«(DJf^tlgiLT^y\>HU>y 
i^^j^^fs: ^(Dxrj: i^^tiitifs, ^ti^^^o t<Drzib 
40 t3«5 0 /im-- ImmSa^iOtcfcl^. 1 mm^SSAT t>¥ 
#ft:5il^«:83ifiT#S35i^»>XA- gtt:(D<ffit&3&«ii5 < fS.^ 
TL^-^o 5 0 ximJ^T(Djl^}^c<hS ^(Dff^:l^^«-}#T' 
#;^ci:l^o cl:0»^U<^^7 0 Mm- lmm<ht^oJ?^l: 

[0 0 2 1] HVPEri«rS5ffl-r^OH, ^^;&tjj|ifJK- 

nf^\^^f)^^n^\zjhEm&\^t^\^^. ^m\z^'oxm=f't^ 
t3.\^K mm^^xibui-^ti^^G ai^\tm&mm<D^:sij\- 

50 \ZU^. mm^%m<DGaNOx,J\-^:SC^a>±\Z:h< 
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:7 ymif^Q' a A s e><^ A s <D^!R§<&K6<<^"TrG a 

N4"^<^A s (0}gAfiJiffi«?)T^i>7S:l^o -?-COfifl 1 0 
1 7 j@cm- 3 i^TT^^o A s (DiT^^^li^G a NO 
jgSttTi^^SLn^o LED^L.;^c®'&tiAs:<^^'4#tt^^^^b 

[0 0 2 2] ii? 

[^0J(^^iScD?^^] *:^H^<7DGaNiaigtiGaAsS 

ti'^;!i>G)^^T^;:j:l/^o <!:: d^^^^c a A s ld:3E7j<:Tii#Rg 
^»ttT^*-r-5C«i:?;>t-c^^, 5fe^CIft§BL;^Ccfc'5^CG 

a A sS-Kti 19 7 ^^\\\-L^hj\zn.^^ri—mx%ih 

^'j ^*5!e««X^«Sr:^c L fc 

C:ntiSt^O^^W'r^v;7,/7|rcfcoTGa Asffi 

aililLfc^/j^eG aN^JfiAtC^fi^ii-^^ ^ 
ffi-r*^o *^H>«*^;&^BI^b^c:<Z)^ffi/?^GaAsS 

mrn?^ 10-078333 

[0 0 2 31 G a NUA^a^-ca&^o (0 0 0 1) ffi 
ti/NlHl*fBitt7!it»^, Ga A s «a:^S^-Trij&^?&^^b 

(10 0)^(110) Stt3lHl*H*tt«r3t;^c7^i:tr^o ^ 
;iT'GaAs (111) AffilKV^tiBili^SISibTffl 

ASiV^-^cO^Gal^^if&^StlSLTi^^^STS^o BIB 
t^A sJj^^(DSMLTl^S®T*^o 30 
[0 0 2 4] S 3 SB^ 
^To VTs^t^iEtgtriiG aN;?:^H^tJ&^7:j:i^^cfc"pfcJ:S ia 
N4 -^S i O2 UEif^^yi-^. '^T.^W^Mi 10 0 nm— 
^10 0 nmTab^o ^rBlP^tc^^^Wr^ vx^T^ 

v^o E^J;J?^*ffl^T*^o [1 1-2] :;^ifi]tc^J^;^cj:UT 

M^<o r«iPS^L^-r^o [-1 10] 

€:cl«5:fSo »^ L < Hd = 3 ' l/ 2 <i:-r^o 
tf^^ 1)2 2 MmC0iE:^7?^<hb, ^tf:y^L^6Mm, 
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[0 0 2 5] ^^^f^(0•^X^^SU^CGaN«:^^fc-S$1^-5 
SiN:fymt^iiZ\^f^^ i^tSi\^^:^^t>T^<DG a As ^WmG 
fim(Dm^\Z\t. /^yyym^-V. ^g^<(Dm^^^^fSi 

mi}t-t}:^^<^\^^^l^^<U^o ^ n Ac eh ^ ck -5 >^cJ: SB 

^o\ziEt^AM^mm\zmmi^. &.mm^^m^{zf&m 

[0 0 2 6] -TX^^Ott^lCJiGaAsStSO^f^tC: 

m\z^^m^^^^o\zr^o mciKm^me cd \zwi 
[0 0 2 7] ci<^meJW®S4 5 ot:-5 0 ot:s^ 

HVPES^::cJ:-:pT^1 0 nm-l 0 0 nmliS^CD 
f^l^G a N/N'^y r ® ^Jf^^JcT-So "7 7. ^ J: 0 
A'>y 7rg(i.??.rtt;:MS:bT#ffiT^o 0 6 (2) 

[0 0 2 8] 8 0 Or-l 0 5 orgiSOif iSJCLT, 

Hvp Ef&xG aNJi\f^^iy^')lm^mf^^ir^o ceo 

:KfgfeL;tGaNiSgStia«Aftifl^?l^fiR-r'2»o 

TS«*£S<7);^€'$:<?^ft^^o 1 &(7)':7XA- 7 0 m 
m-- 1 mm(Dm^^h'D<OX^(DU&(Om^X$>tl\i& 
ZLnt)m6 (3) (D^mX$>^o ±m(D^vf3ifS.^ 

mmtr^rziib\zmmi^r<i>^i^nffiu^mK 

[0 0 2 9] $e*Ci*iCci:oTGaAsBK5J'*X-/5f^ 
(4) (Di^miZtj:^^ Z.n\tl^(DG aN^^BX$>^o 

[0 0 3 0] $e>tClSSt<OC/XA-SrS!iilxAcViCOT^ 



9 

^i-S^it-So I^TJicn^TK-To mi (1) JiGaNS 
ffiO±JCHVP EffifC<fcoT$e>tCiP< G a N^xe^J' 

A-lr^OttiLTff <o 1^7 (2) Wcn^TK-To TX 
:^ h'^XA-^5Jf^LTI3 7 (3) CDct^^t^iSBJ^^p^ 
;^j:G a N'^X7N-;6t-r#^o CK^^^, AstiGaNSS 

[0 0 3 11 *510>fllC43(.^TXtf^^^'>-\^jl.^Kg{3ffll^ 
^HVP Effi<^08trJ:-DTfft08-r^o SJEScoSiS^ri 1 

;&^e»«HC 1 +H2 a)[^J|Sf:tfX75>^z^A^nSo H2 n+ 
^U-V:tfATfe^o -^cofiTtrfiG afflST^^^-So C d 

\Z^'^nVfi^n^fi^^. Ga+HC l-^GaC 1 

Tyj\zmffin^o mrniT^mAa 4\tJ:r)T:^\zmu'r 

Ki6<Pl^{C^A$n^o Ga C 1 ^NH3 fCcfcO. Ga 
C 1 +NH3 ->Ga NO^JST^^^^d-So 
[0 0 3 2J th-lry^ TtSv-V- h 8 CH J: o TIeIS#K^ 

@^E^;:iS^t6n^o it-fey^^ 7o±{itiG a a sStgg 
^?tt^GaNSffi;^^*iixof^ttte>n^o mm\tmm^nx 

L^^Tt^^^^fflRltxbfcltfiE^^G aN7;^^S1S(0±{::M-«-r 
flF-:^XIiSf:^X[tiP 1 O^&^^SHUi^n^o HVPE 

mtG a^m^mnhLxmvo -^bTGac i ^rpra 
[0 0 3 31 ji\:ii^^iy^)Uf&&\tmn^n.mzLfs.i>i^ 

n\tir£iE>U\^'^f)^G Si^^tS^Wt\^^oh(D\^Ul\o G a 

u^^mm^^ts/)^ibG aN^^B\zmmf)^^m¥/i^Lx 
mxL^xi^^o. HVPEmitGa^mmLxmi^^z 

HC ! tSiS^-ttGa C nzT^o ^l??^ci:7K^:^X 

\z^->xm.wtLxmi^in^(Dx$>^. ^m^m^{$,t) 

[0 0 3 41 :^mM\Z<i:r:>Xi^(bnrzG aNm^^mm 

\t. y > \^-'yx^^/)^nmx$>^o ^^')^mmti 
h<D\tmn:a7.\zm&'^^n^mmx&^z.t^^^Bj^ 

c:<i:tci:oT^^ Uir^ffi^ 1 x i O ' ^ c m- ^ l 

X 102 0 cm- ^ aymmxmmx^^o mm^EE^m 
wr^ztiz^^x. mi^i^mm^ts o cm= /v s - 

8 0 0 c m^ /V s (7)«SSffltclSlE-C^So itSjnJi 1 x 



(6) *^gB¥l 2- 1 2 9 0 0 

JO 

1 0 - Q c m— 1 x 1 0 Q c fn<Dmwxpm'^mx$> 

4^^- 'J-\'ie!gJi5 X 10* ^ cm- 3^10' « c 
m- 3 C0filffl;&ta^b<, it«ta«5 X 1 0" ^ Qcm 

[0 0 3 51 ::oLxn=^(bnrzG aNmm\tmtitz^m 

iR ;5 ^* ^ /cC I ^ C <!: ^ (^1= T * ^ o b ffil fe BJl T S> -5 d 
t.f)^m^^^tl^o GaNKIS^LTfi^/cCC^Tfe^o 
lilS <7) j§ JjS (iLambe r t -Bee rflij J: 0 ESi $ n:;*: O 
4-^6^1 -So 

I = lo exp (— ofx) 

mmtm<mmx^^z.^^y^\^x\^^^. ^^Bjftccto 

Tt#e>n/tG a NS^Kc^KiRfSSctd:, 4 0 0 nm-'6 0 
0 nml::^feoT(S<. G an&WL\t,:iti^(D^u^m<r>% 

\zt^\yM^^mmm'^^\^x^^^o mm^tmrnvtzGan 
20 &mz^\^\xwu^^i^^m\f^vrz. :^mmz^n\t. c 

<OiKfiffi=T®iRfSSC}&n 2 0 cm- » £ilTOfe(D^^a 
\zn^:itf)^X^rzo $6tC[»iRi^»:>&^8 0 cm- > JEJl 

iRi^Sc/)^*/h^frj-n«/h^l^?lctl^o &ft9:	&#9:	&# 
9;b7!i^L.;a::«>^b^n/fttTfd::^+5>T&S« *Ac*;t7pT 

^tJi^&So ^n\tt^\zf)^?mtj[f<iUs:^tt(Dmmx$>^. 

y ^ ;^ct X A - y D A ^^t^fo 
[0 0 3 61 mmi^tzG aAsmWi<D±\ZG aN^f&^ 

30 ^^xm^\zT^\.xmwf)^^m'^w^w,y)mro mm 
^^Mf)^^r)t^ib. nur^zt.\z^'Dxmi)mt^^. 

m^(OXo\ZGaN/G aAsm^^W^tmt^. GaNiZ 
«/S;b/>^^ifebT^^So Ga Astzt>R*tffi]#<7)iS:^j3&^ 

cfc o TfT^^r -5 CO -5 p 

[0 0 3 71 t>b t)^JJ:;;^;/f^-t;^cctr^^> GaAs^ 

40 o\zG an\t,w-m\zf^^mx^^. n^)S^i^f)^db^t.'t 

Ga AsffiS$:fRD^bTt)(*SGaNfr 

V^m^^^--hf)^^^o toyrz^\zm\ 1<D^^\ZG an 

nv^fimt^. z,<DKK^vtGaAs t.\t.mmmz^mt,m 
m(Oft>^ti(omm. m^:^{^<D^^tt(Dmm(otzii>\zmn 

So 

[0 0 3 81 1 9 7 0^{?;{CGa AsSffi±llGaN^ 
X^^^ZtiS^m-^i^^ C h^iX^tS.f)^'Drz<DUM^Jt-ti:^^^ 

±^-r€xG a Nf)^g^±(Dxm^^t>mmLrzr)\^rzo 

50 Ktt<^r^gKSS;d€:M6-rfci605X*?!)^ll«5ta?CDVA^ 
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-So 

[0 0 3 9] ^nfilU^(DT*^;<?^\ 'P\ty)t^{Zf)^l.t^ 
[0 0 4 0] 0 1 2fCSDOS!j;£?S*^(.^ti^3^S;<^^ 



(7) 1#BB¥1 2- 1 2 9 0 0 

12 

H^^—D<Dm^mx$>ommx$>^. 

[0 0 4 1] K^\t^x./\-(D}^:fy^r)<Dibm^^^'^\tiih 

m^mR\z^'DXhmmx^^mx^^. r = d^/8 

0:ii/\-(D&mx$>^o 2-r >5^'i7XA-coJS'&td:D = 
5 OmmT^^o 

[0 0 4 2] Kr)^rz\tm^t\^^vh(D\t.nmzmn^ 
[0 0 4 3] p]mf)mmdX'im^i^<D^^^^ti\tt 

[0 0 4 4] 

H [^11 



Eb^d 



3(l-v}rd 



[0 0 4 5] {CcfcoT#;^^n'5o afirtSBlS:^, Eti 

^5 OmmtLrzm-^it. ±(D&mx d =H\zmtz^. 
Ctl\tmm(Dif^^mi3^m^:^^^im'r^S toney 

(D^ti^Oo mmtz^i^{zvxL^z>(Dx (GaNmmx 

[0 0 4 6] 
i^2] 



cr = 



3(1 - V)/ 



[0 0 4 7] C(D^\Z^^X. m^d-fy^ib o ^imiy 

Tzo EOi, mm^mtm^SfBfJ commits ^(D^^x 

[0 0 4 8] OJ^/\(Dm^\ZJ:^Xm'^f^^t)^^tO^(D 

1. ai^¥SR 6 0 0 mmet± . 6 7X1 

0-'mnr»JKjlT) 



2. KOH (SOmmfiSiT) 0. 5 5mmJWT 

3. \H^lS^tio 7 MP aJI^T 

[0 0 4 9] -D^K^. i^mnmf)^o:^/\\zwk\^tz0kn' 

\t.. R^eOOmm. H^O. 5 5mm, a^7MPa 
tr&^o $e«C(^6Ki&:^fi3MP aT?*^<h<tOSf*U 
l^o rifi^¥St^7 5 OmmJ^±T^'5^$ ^tC^(.^o 
[0 0 5 0] *fgHJl(-4Dl^T, 1 t$C(DG aNS<S^S!jg 

J(7 aN€:JS<xtfi5^:1r'>^;HS;ft$ii:lJi$gS-f >rf^:/ 

U£JL±tcUT, i^++ic<O^XA^iiDOai-rcfce>tcT^o 

3l^Tv^^o x^^xbT^^omufc^xAfeseffiT 

[0 0 5 1] 

i^mm^ [^mmi (hvpes^t^^^i^^ks^cj:^ 

GaN^$SSltt<7)f^S9) ] GaAs (1 1 1) ASIg 

J^StEchbfco iffirEE (;^am) CVDSMTGaAsfi 
ffi±IC. SiaN^H^p^O. 1 Mm^C?S:SJ;3(CJ^ 

y ^ \z^'DXWi^itz. mt.zmm<o^<D^mm\^rz. m 
3 jc^-r^B H y hm.t.. < 1 1 - 2 >X h ^-f -fM. 
<i - 1 o>x h^-r y^><o3ffl'r^^o 

1. ^-^ij K-y h,^,- 3-5 GaAs< 

1 1 - 2>\zm=it^uu±.\zmxsmm't^mmf)^^\£y 

^-rnxi^^o d = 3. Sum, L = 4Mmo 
5(7 2 . < 1 1 - 2 >X h ^-f •< 11-2 >:/J|fi]JC^ 



(8) 



12-12900 



13 



14 



3. <i-i o>xh^-f:/S-<i i-2>:^r&i{i5p 

[0 0 5 21 ^(0^oW^.^m^f:LS i a ^-^Xi^^ 
(1) GaN;\*^y y'T^tTDff^^ 

{C^lV^TGa AsS1g^$^5 0 Ot:fI*n^Lfco 
Ga?g<& 8 5 0'CJet±tCjral^bGa^?S<i:T^o J!^*?f;^ 

:tfXSrG a?a«r®#, ig{b:tf U»i?AGaC 1 ^^^L 

3 <o?l^:«>;^igAL'» 5 0 0t:{cJ}n^$n;taiSifi«^ 
TGaC I +NH3 -^G a NCOjglS^e^l ^li-G a A s 
Sffil::, GaN^^lt^-ti--2>o cmtCl J: oTG a A s S 
tg±t3$^7 0 nmCOG aN/\*'y:7T®^JF^^T^o Si ^ 
3 N4 JiG aN^fiffiI©lf^ffl7&^feD S i 3 ^7.^<D 
±fCtiGaNtt«l®U7&:l^o A*-/:7tS (7 0nm) 
VX^ (lOOnm) ckOflPl^^o rcf)^iE>^&<DG a A s <D 

[0 0 5 3] (2) GaNXtf^ + v-i-JUcT)??^^ 
HC 1 OJSA^{9±Lxfco »1SSft$:5 0 ot:7&^e»*^i 
0 0 ot:^i?±^f;^co MicXHC 1 ^Ga^g^r^^^^tT^A 

<toTJSft;;yU»:7AGaC 1 ^-^^T^o 7K5g:tfA:0^'+ 
^U-V^hUTSSnTl^^Ti^eGaC I ^ t.^\Z.m^ 30 



*n^o T>^xyNH3 tG a c 1 ?&^*ii^^n;ts«co 
®<D±fcxtf^=^^'>v;^^£S"rs« Tj^^j^iP^ (10 0 

nm) ^^x.^<hVX^(D±trG aN^,a*^IEA^^ff^tR 
{CjA;?;>^oTfT<o fc;^cb-x^X^i^®7!)^G aNTSt^n-S) 
^Tti. GaNSSi^t^T^^^IBTafe^o ^4. SStiAft 

Hft (DM.^ftg * ^ e ^ CI e»IE AN ft J^^bc tc/ETj^t 
-d;^cG a m-tm^'^.t^^nk'h^-DX^tz.^^Bt.T^^n^ 

SSa^KSKSM-r-So GaNJ^a)i;&^VA^(D±M* 

KSi<SV^i^<-r<li:, ^Smi::^'\GaN?!^ti6fabT«$ 
<o figfi?iJK^15 0 um/HTfe^o *^ 1 0 0 /xm<7)jP 

[0 0 5 4] (3) GaAsS1S<0^^ 

T*^ 1 0R#rH^X^y5^>^bJ^Co GaAsS1S7!?^^^{C^ 
*$n;'co G aNfc^tco*gStc;Jto;^Ca MM^W^LT 
GaN¥«SSSfi<hUfc« ^n«a5l:BgT*o;^Co vx 

fin (a |pI i; * ft T 3 o (0 IS5|8Mc o ^ T G a N ^ -a: 
fco Sa** 1 ti^-,^ K^y m2 iim^. L = 4Mm, 
d = 3. 5/xm) o K<SF2tt<l 1-^2>XN^-<>^V 
A^T^^o fS3^3H< 1 - 1 0>A h^^yVAii^T 

[0 0 5 5] 
[^1] 







^^') rmm 
c m"^ 


cmWsec 


ItMtltQ/cm 


V^V( 1 




3x10*^ 


2 0 0 


8.3 X 1 0 ~^ 




;^ h ^ >^ 


6x10^^ 


15 0 


6x10-^ 


!,^«3 


>^ h 7 -< 


1x10'^ 


1 2 0 


3.5X 10"^ 



[0 0 5 6] y > \^-':fr<S:(DX^&^^^nm(Dmi^iRmm 

S^S 4 0 0 n m~ 6 0 0 n mX(DWi^%mt. 4 0 
cm- » —8 0 cm- ' Tr&^fzr^ As(D^^m^m^ 
fz^iZ,^. 9 X 1 0 » 6 cm- 3 T*o;^o 

[0 0 5 7] [^iSe!l2 (HVPE^7"^;Ufi£gGaN 
ffiSSS, HVP EffiG a Ni?Mtt) ] 2-f>^^C0Ga 
As (1 1 1) Am^&tSi^zLrZo ^<D±\ZS i O2 (D 

^yU^^mirffZo 50 



(1) G annyy Tm(Dmm 

[0 0 5 8] -^XiJ^^rWrSGa AsS«$:HVPEil 
®(::^eLfco m%<Dmm.^^oti^. Ga?g5t^8 0 0 
t:(cftniai^;tp muiiy.t.\^x\t.. H2 +Hci^Ga 
ffltc^^, H2 +NH3 \t.mmzumzm^^rz. m^o 

ox: (S«®JK) <^)l£fatC*5t.^T. Ga^nvyrm^ 
r^}&\^tzo A*^y:7TllP^«8 0 nmT»^o 

(2) JL\fi^^i^^r)Vm<DW^^ 

-p^^-esffiraa?^ 100 ot:ic±frffco i^i;s»:tfx€r 

MoT, GaNXtfi5i^4^>'^;US8 0 um^fl^fiEbfc. 

(3) GaAs(7)^^ 

G a N/G a A sSIS^HV P Ei^©?!)^ 6Sl 0 /^c b;to 

mmi^\z G a N»jgM7&^*sK$nTL^s c ^ ess^b 

:in^£*«f TG a A s S«^Xy5">iyf*5feb 



15 

[0 0 5 91 (4) GaN<Dmm'y 

z.ti^+6>\z^i^Lrzo me (4) (D^oUikmizu 

h {.fco Sfitras^ 10 2 ot:^bT, h vp Effi 

m? (1) \Z7F:-r^m'C&^o :i(D^>::Iyh\t^^m 

:^^^pLm/vrzmm^^-orzo mi&m^m^ 2 o mm. ^ 

[0 0 6 0] (5) T.^'f it-trcfc-S-i/XA-cO^Ottl 

?^f&J(cWOAcLfco 1^7 (2) tc^-rck^T^-So ^I^S 
$<]5 0mm, J5^3 5 0 Mma)G aN^jeSaiS2 OtS: 

^mzo G3iN^^mvrzt.z.^. as, 

^^^> K(DU^;i/T'feo;^Co rjm (As) . 
GaNCOtjiMzmE^^-^nx^^^U^^^m^^^^^fj^^o 

[0 0 6 11 ( 6 ) mm 

^iE>\Z^y\^>^mm. tt:±frfWS^L.fco 07 (3) 

&mz\tKr)\:i.Mf}^'Drzo 
[0 0 6 2] (7) ®^W1#f4c0S!j^ 

0 I 8 cm- 3 X$>^rz. m^^Wim\t2 O O cm^ / 
VsT*-p:/^o JtffitfitiO. 0 1 7 Qcm7?&ofco 
[0 0 6 3] >=i*^y h(7)T$S (^jcS*;]^^)^^) T&^eBX 

'orzox,/\-'<Dm^K^mt\^'^€(D^ox$>^rzo nm 

U-Vig^til 0 ^ 8 cm- 3 , a^^Kigtil 5 
0 cm2 /VsT*o;^o ittSfiiJiO. OlQcmTS^ 

ti4^ rsl&^/'ci: fi /j: ^ T ^ 5 3 o 
[0 0 6 4] (8) 

S4 0 0 nm-^-e 0 0 n mlC^Btt^K^R^Sc^^ 2 0 cm 
- I '^4 0cm~ ' X$)^fZo 
(9) LED(7)fPSS 

GaNS«7&t-e#;/5:(7>T, ^a)±JCI n G a N ^5i3tB 

t^^LED^i^mLtzo m^<D'^yr'i^mW.(Dh(D 

Liti&i^x. §^ytnm^^m5m\z\^±{.rz. ^^mmf)^ 
\(n±Lrzmm\t. ^acoM^xcct^o vt^co^j-yr-i^ 
mwiLEDx\m^m[H\zs.<<Dnmi^&f)^wtE\.x\^^ 

fzf)^. G aNaSc02^f8B^<OLEDfiKiiffifi:;$i^;^#< 
^i>VXi^^^f)^^X$>^o 

[0 0 6 5] [^mmS (MOC^5=-7;U^SGaNffl 
j^S, HVPEGaNPMW ] GaAs (111) B 
m^&WitLXm^^rzo S iOz ^rSIStC^^tt^^ hU 

y^yy^\zxr:>x [1-10] :^fp\\zmxf^y. h^-r 

(0 0 6 61 (1) G aN/^y >^T®<OJ^*K 



(9) ItHa^l 2- 1 2 9 0 0 
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0 t:cofiiaTS1S±tC 9 0 nm<DiP^<7)GaN/K^y 
[0 0 6 7] (2) G aNXtf^^>'-v;U®(7)^fiJc 

l5]L::i^g(c4oi^T> asfaj£^^^9 7 ot:jc±frfT, g 

aNxe37^v''V;U@S:2 5 /xmCOJ^^tCJ^fiicL^o 
(3) GaAsffilS<^K^* 

UOCmm:^^^G aNXG aAsUn^WL^fzl^fZo 11 
ISCDG aN*jSS;0^*U^:^LTl^;to XS^-fy-^X^c^ 

i(? yji^^iit. GaNO) [1 1-20] :^[^T*tp:^o •::>^0 
GaAs(7) [1-10] ;&f6]tcG aN(7) [1 1-20] 
:^itn^^^i.^'r^t^^'o:i^x$>^o 3E*(CcJ:oTG a a 

[0 0 6 81 (4) GaN<7)ff{^frtfifcJ: 
2 5 umJip^OG aN$:ffl^S<i:bT, HVPEilStC 
ir^yhU^to 1 0 0 OrfCiPfS^UHVP EfitC,J:-::>TG 
aN^m<X.\^^^iyv)i^nm'^'itfZo Fl^ikXMi&m 
•^m^3'\ii>^(DGaN-{>::fy h^WfiKb;to 

[0 0 6 91 (5) P^my^Xy^1)—\Z^^0X./\~^ 

20 omL 

0 0 MmCOjfl^fCl^OtHbfca 2 5«C<07X*!y h'^^X 
A- 0 tUT C hfi^X^tz. 

[0 0 7 01 (6) mm 

mK>ti^\.rz^j:^/\-^yy\i>^mm. {±±tfWSb 
tz. mSihVX(DGanWm^B^3L;\-^mz. 

(7) ®^4#tt<7)fflte 
•^XA-(7)®ri&g#14^^l^b;^Co nSlTfeoT, ®^ 
^ii!i^t^2 5 0 cm^ /Vs-trS)o/co tblSint^O. 0 
30 ^QcmX&r>fz^ 

[0 0 7 1] CCO^M0ijT-tiG aNgi*:^ffl^-^i:b 
T, G aN#jSgS^P<!5jcg$iim^^o |?l^#$gSG 
a N ^ 13jc fi $ it C n ^ X ^ < T i;/] ^ L T I ^ ^ /J^ 6 — 
#tC2 5tt'b<0SffiX»tf^S[T^^o Siig^XhJi, Itt 
1«CG a A s ;!^^^/«fi^i±^^'&tCjt^bT6 4%{C<£ 

^tzl^mzK^(Dmmmi\^i^^<m^X^fz. GaN 

^»«f Lfctc^atjg (As) , mm (o ^'feicA^y 
40 [0 0 7 21 7.^ <Dmt.jE^nm(ow.^.\z$>^^m\z 

^p^<D^!Kmti)m^p^w^^^i}timw.^n^mzGaA 

s <!:GaN<^lSEMffiffl7&^«OrtS5*£::t»^iSIOT€r^o 

[0 0 7 31 [^3sse«j4 iMm,m.Lnm=^yituiy-' 
\H^^^i^(Dmm ] [1-10 0] X h^-YT^^vxd?, 

50 [ 1 1 - 2] X h^-f K y hVX^S^^fiti^iH 



(10) 

17 18 
H2 +NH3 <hH2 +HC 1 T^-So WMii7.(Dmxkm [0 0 7 4] 



1 2-12900 









0 a 5^BE 






< M m ) 


(aun) 


(MPa) 




1030 


180 


1 


4 


¥m 


35 


54 


26 


P 


1030 


180 


1 


6 




40 


58 


28 




970 


180 


2 


6 




3 20 


1000 


4 




970 


180 


1 


6 




60 


225 


11 




970 


180 


1 


6 


^-^ 


40 


61 


26 




1020 


240 


2 


6 




500 


10417 


1 , 2 


h 


1020 


240 


2 


6 




120 


167 


29 


J 


1030 


240 


1 


6 




70 


125 


23 


y 


970 


360 


2 


6 




200 


1488 


5.4 


5? 


970 


180 


2 


12 




200 


1359 


5.9 


/b 


970 


180 


2 


24 




200 


2604 


3.1 



[0 0 7 51 z.n^(r>o'^. -i. D, 

ItB^Ji^-'f'V&^o 20 

(A) G a^JIM 1 k P a (1 O'^ a t m) Tfe-So 9 
7 0'C"C/\*^> >'r^ • '^T.^O^IZG aN^immf&m 

1 0 3 0t:T$^(C3P§BDGaN$/iKg$'y:;/^o 

^«^iSf«¥fiiT*D^::7^p>^-fi^WTr*^o etc 

mi 3 H^ot^^T^ftiptfl^illiiP (Mm) Tfe-So lli/Pt^ 
5 urn-- 12 0 /xmtc5>HftT LTt^^^o tSf ttt^rtSBlS;^ 
(GPa) Tfe^o 0(DK16fti|AigBi£;:f375t2MP a'-4 J^? 
0MPaT$)'5o ^5<^:^^;0U OMP a ckO;^^!.^!^^^ 

0- 3 GP a) tm-^Ll^K 

(B) G a»EE«2 k P a-rfc-So 9 7 0t:TA-;:7T 
m • '7X^(D±(;:G aN^6fl#F«1xfcf^4^f>-v;U^£:g$ 
i±fco K*4(;)fcti 1 OlBT^'So HI 1 3 tC|sIU:j:'9tC7K 
"To mm\t 7 0 nm-^S 0 0 fim(Dm\Z^:(fi'r^o Ga 
N3a*?fCD^Iffi«aL^o Rma x««i<j2 0 /imT*-5o G 
aNS1S^J'&«2 Ommx 2 OmmTab^o ^M^l^eit^ 
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